Purpose: to describe the methodology and present the retinal grading findings of an older sample of australians with well-defined indices of neurocognitive function in the Personality and total Health (PatH) through life project.
T he retina is increasingly used as a biomarker of systemic and central nervous system disease.
1 a developmental extension of the forebrain, the retina is the only part of the central nervous system that can be visualized directly. the retinal vasculature has many features in common with that of the brain and changes in retinal vascular caliber have been associated with a diverse range of systemic parameters, including stroke and heart disease risk. 2, 3 although a number of studies have identified associations between retinal vascular parameters and dementia, findings have been inconsistent. 4 little is known of the association between retinal vascular parameters and age-related neurocognitive function. 5 the Personality and total Health (PatH) through life project is an australian longitudinal cohort study that was established to examine, among other things, neurocognitive changes with ageing. the eye substudy of the PatH through life project seeks to evaluate retinal vascular associations with neurocognitive function and brain magnetic resonance imaging. 6 Furthermore, as several studies have identified an association between diabetes and cognitive decline, 7 we seek to examine the intersection between diabetic retinopathy and cognitive function in this population. in this study, we describe the methodology and present the retinal grading findings of subjects in the PatH through life eye substudy.
materials and methods sample Population
all participants in this study were recruited from the fourth wave of PatH through life project, conducted at the centre for research on ageing, Health, and Wellbeing at the australian national university, which has been described in detail elsewhere. 8 Briefly, the PatH survey and assessment includes measures of socioeconomic status, lifestyle behaviors and risk factors, physical and mental health, neurocognitive function, and anthropometric parameters. during the period between april 2014 and May 2015, a total of 326 individuals attended the fourth phase of the PatH through life project and were invited to participate in the eye substudy. Of these, 255 people (151 males and 104 females), aged 72 to 78 years, agreed to take part in the study and 254 subjects underwent retinal imaging (Fig. 1) . the research protocol for this study was approved by the ethics committee of the australian national university (HrEc-2012/703 ). all study participants provided written informed consent at the time of their study appointment.
eye study Questionnaire a questionnaire designed by researchers at the centre for Eye research australia (cEra) was used to document past ocular health. the questionnaire ascertained the month and year of the previous eye examination, ocular history, self-reported diabetes status, and self-rated vision quality for each participant. Family history of ocular disease was also noted. Participants were retinal imaging a research associate from the centre for research on ageing, Health, and Wellbeing was trained in retinal photography by a clinician from cEra. all images taken during the initial 2 weeks of retinal photography were evaluated by an independent expert assessor to ensure that appropriate quality standards were being met.
Forty-five-degree nonmydriatic color digital retinal photography was performed over a 12-month period between april 2014 and May 2015 on an opportunistic basis. a cr6 49 Mn ophthalmic digital imaging system and canon EOs 50d were used to capture retinal images during the period between april 2014 and september 2014. thereafter, a cr-2 Plus aF ophthalmic digital imaging system and canon EOs 60d digital camera were used to capture the remaining retinal images.
the imaging protocol was as follows: Participants were seated in a darkened room for 10 minutes to allow for pupil dilation; two images were captured of each eye-the first centered on the optic disc and the second centered on the macula; images were 24-bit color depth and displayed at a resolution of 150 pixels per inch. images were converted to JPEg files of approximately 1.5 to 2.5 megabytes in size and stored on a password encrypted external hard drive.
de-identified images were transferred to the retinal image grading centre at cEra.
1.

2.
3. assessment of retinal Pathology trained retinal graders, masked to the identity and clinical characteristics of study participants, examined the retinal images for signs of referable pathology including, but not limited to, diabetic retinopathy, age-related macular degeneration (aMd), and glaucoma. in subjects with diabetes, diabetic retinopathy was graded in accordance with the modified airlie House classification system. 9 level 20 was defined as minimal retinopathy, and levels greater than 20 were defined as early to proliferative diabetic retinopathy. age-related macular degeneration was graded according to the Beckman classification system as early, intermediate, or late aMd.
10 Participants were deemed to be a glaucoma suspect if they had 1 or more of the following signs: vertical cup to disc ratio (cdr) greater than 0.6, cdr asymmetry of more than 0.2, disc hemorrhage, disc rim thinning, cup notching, or retinal nerve fiber layer defect.
Participants were excluded from the study if retinal images did not meet minimum quality standards for retinal pathology grading. Participants with referable disease not currently under the care of an eye health practitioner were referred on for assessment and management.
results
Participant characteristics are shown in table 1. the sample was primarily white (94.9%), had a mean age of 75, and 41% were female. a total of 223 cases of eye disease were self-reported in this cohort (table 2) . cataract (n = 148), glaucoma (n = 25), and aMd (n = 22) were the most commonly reported eye diseases. 11 †Vigorous activity defined by at least 1.5 hours of self-reported vigorous energetic activity per week (eg, running, playing squash), moderate activity defined by at least 1.5 hours of moderate intensity activity per week (eg, dancing, cycling), none/mild defined by less than 1.5 hours of self-reported vigorous or moderate physical activity per week.
12 ‡self-reported diagnosed cardiovascular disease (cVd) in the past 4 years. §self-reported specialist confirmed stroke or transient ischemic attack in the past 4 years. ¶as per diagnostic and statistical Manual (dsM) of Mental disorders dementia diagnostic criteria.
ǁMini Mental State Examination (MMSE); lower scores reflect poor cognitive function.
13
**Patient Health Questionnaire (PHQ-9); higher scores reflect greater levels of depressive symptomatology.
14 † †Mental component summary score (Mcs) and physical component summary score (Pcs) from the 12-item short form health survey (sF12); lower scores reflect poorer mental health and physical functioning.
15
retinal imaging findings retinal images were acquired of both eyes for 253 participants, whereas an additional participant had retinal images taken of their only eye (fellow eye prosthetic). image quality for each eye was assessed by an independent expert grader at cEra. Quality grades were as follows: (1) high quality/gradable: both fields well positioned with good focus (blood vessels and small lesions such as retinal microaneurysms are clearly identifiable) and good illumination (no or minimal shadowing across the central part of the image); (2) moderate quality/limited view: in 1 or both images, clarity or illumination is decreased such that small retinal lesions might be missed but larger lesions, such as geographic atrophy, can be seen and assessed; (3) poor quality/very limited view: obscuration of a significant part of the field of 1 or both images; and (4) very poor quality: obscuration of most, or all, of the field of 1 or both images. image quality was moderate or worse in at least 1 eye of 79 subjects, leaving 174 of 253 subjects (68.8%) with both eyes gradable-as necessary for assessment of retinal pathology. gradable images of at least 1 eye, as needed for retinal vascular analysis, were acquired in 211 of 254 subjects (83.1%). Of those with moderate, poor, or very poor quality images, 25/79 (31.7%) were due to cataract (self-reported or attributed by photographer or grader); 9/79 (11.4%) were due to unspecified media opacities; 3/79 (3.8%) were attributed to small pupil size; and 1/79 (1.3%) to asteroid hyalosis. in the remaining 41 subjects (51.9%) no reason was attributed. subjects with gradable images of both eyes (n = 174) underwent initial screening to exclude obvious referable pathology with an emphasis on sight-threatening conditions, in advance of more detailed image grading. the findings of the retinal image screening are provided in table 3. Forty-four subjects had no abnormal findings in either eye. in brief, hypertensive vascular changes were noted in 94 participants; 64 subjects had evidence of aMd; 62 subjects had epiretinal membranes; and 29 had features suggestive of glaucoma. in addition, features of retinopathy (microaneurysms and/or hemorrhages) were found in 29 subjects not known to have diabetes. two subjects had evidence of previous retinal vein occlusions; 2 had myopic retinal degeneration and 1 had evidence of branch retinal vein occlusion.
Participants with self-reported diabetes underwent retinopathy grading as per the modified airlie House criteria. a total of 45 participants (17.7%) had self-reported diabetes and diabetic retinopathy was observed in 22 (48.9%) of these participants. Eleven had minimal nonproliferative diabetic retinopathy (nPdr) and 10 had mild nPdr. One subject had proliferative diabetic retinopathy of which they had not previously been aware. there were no participants with photographic evidence of clinically significant macular edema (defined as hard exudates within 500 µm of the center of the macula).
discussion
We have described the methodology of the PatH eye substudy and the characteristics of study subjects, including the results of retinal photographic screening. a total of 78.2% of subjects eligible to participate in the eye substudy agreed to do so and nonmydriatic retinal photographs were captured in all but 1 subject. High quality, gradable retinal images (optic disc-centered and macula-centered) of both eyes were acquired in 68.8% of subjects. the rate of ungradable images in this study should be considered in light of the stringent quality standards applied (both fields of each eye well positioned, well illuminated, and in focus) and the older age of subjects in this study (72-78 years) . A strong correlation has been noted between advancing age and poor nonmydriatic retinal image quality, typically due to the higher incidence of ocular media opacities, chiefly cataracts, and small pupil size. screening have demonstrated ungradable image rates of 19.7% and 26% with mean subject ages of 65 years and 63 years, respectively.
17,18 the scottish national diabetic retinopathy screening program employs a staged approach to mydriasis whereby individuals failing nonmydriatic photography undergo pupil dilation for mydriatic photography. it has been reported that pupil dilation is required in 34% of all subjects attending for screening, with significantly higher rates in older individuals.
17,18 the stringency of quality standards, informed by the study objectives, also has a major bearing on photograph gradability. as a case in point, a study of nonmydriatic macular photography in subjects aged 70-84 years reported gradable images of both eyes in 93.9% of subjects. However, the purpose of that study was to assess macular pathology alone; thus, quality was assessed for a single image per eye and obscuration of areas other than the central subfield of the image was accepted. 19 in the current study, gradable images of both eyes are deemed necessary to exclude retinal and optic nerve pathology. in contrast, gradable images of 1 or both eyes are sufficient for retinal vascular analysis, as studies have demonstrated strong intereye correlation for retinal vascular morphology. 20 gradable images of at least 1 eye were acquired for 83% of subjects. taken in context, the success of nonmydriatic retinal photography in this study compares favorably with that achieved in other studies. this confirms our previous observation that nonophthalmic personnel can achieve excellent retinal imaging results after a short period of supervised training and remote support. 21 We found high rates of self-reported eye disease in this group. rates of self-reported eye disease have previously been demonstrated to correlate with access to eye health care.
22 in addition, as the eye substudy constitutes part of the larger PatH study, it is likely that self-reported rates for disease are higher in this population than in other groups without prior experience of involvement in longitudinal research. it is thus plausible that self-reported diagnoses may more closely approximate reality.
retinal photographic screening identified 1 or more signs of pathology in 130 of the 174 subjects (75%) with gradable images of both eyes. age is a major risk factor for many eye diseases including glaucoma and age-related macular degeneration, along with systemic diseases with ocular manifestations, such as hypertension. Forty-five of the 254 subjects (17.7%) in the eye substudy had self-reported diabetes. this is significantly higher than the prevalence of diabetes in the australian population overall but similar to self-reported diabetes rates in the age group 65-74 (16%). diabetic retinopathy was found in almost half (48.9%) of participants with self-reported diabetes in the eye substudy. With the exception of 1 participant with proliferative retinopathy, diabetic retinopathy was either minimal or mild. no cases of diabetic macular edema were detected photographically. it must be noted that retinal photography is not optimal for the detection of macular edema and that it is therefore possible that some subjects may have had photographically silent edema.
Herein we have described the methodology of the PatH eye substudy and the characteristics of study subjects, including the results of retinal photographic screening. this well-defined sample of older australians provides a unique opportunity to further interrogate associations between retinal findings, including retinal vascular geometric parameters, and indices of neurocognitive function.
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